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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to an exercise amount measuring device for measuring an exercise amount (energy 
expenditure) of a living body (human body) by using an acceleration sensor or the like and displaying the measured 
exercise amount. 

10 

2. Description of the Related Art 

Conventionally, the above type of exercise amount measuring device generally consists of an acceleration sensor 
for detecting the body movement of a human body, an exercise amount calculation means for calculating an exercise 

15 amount of the human body based on a signal produced by the acceleration sensor, and a display section for displaying 
the calculated exercise amount. Fig. 33 shows an example of a display form of the display section of such an exercise 
amount measuring device (Japanese Examined Utility Model Publication No. Hei. 5-36166). The display section has a 
function of displaying a weight and a stride of a subject person, a function of displaying a calculated exercise amount 
or total consumed calories, and other functions. 

20 However, the conventional exercise amount measuring device measures only the amount of exercise taken (i.e., 

consumed calories) and simply displays, on the display section, a numerical value of the exercise amount or the total 
consumed calories. Therefore, it is difficult for a subject person to judge whether his exercise was appropriate. In addition, 
he is not informed of the amount of exercise to take further. 

Further, in the above conventional exercise amount measuring device, only the consumed calories of an exercise 

25 are calculated and displayed and the calculation method is changed only based on whether the walking (or running) 
pace is higher than a certain value. Therefore, a user is not informed of total consumed calories of one day, nor are 
consumed calories calculated and displayed when he performs an exercise in a standing or sitting state. 

Further, since the above conventional exercise amount measuring device simply measures and displays consumed 
calories of an exercise, a user is not informed of the amount of exercise (consumption calories) necessary to consume 

30 calories of ingested food, nor can he recognize a degree and length of exercise he should perform for that purpose. 

SUMMARY OF THE INVENTION 

In view of the problems in the art, an object of the present invention is to provide an exercise amount measuring 
35 device which not only enables a subject person to judge more easily of the appropriateness of an exercise taken, but 
also allows him to know a necessary exercise amount. 

Another object of the invention is to provide an exercise amount measuring device which allows a user to recognize 
not only total consumed calories in a prescribed period but also consumed calories of each of action types including 
sitting and standing, not to mention walking and running. 
40 A further object of the invention is to provide an exercise amount measuring device which allows a user to recognize 

not only an exercise amount necessary to consume calories of ingested food but also a degree and a time length of 
exercise he should perform for the same purpose. 

According to a first aspect of the invention, in an exercise amount measuring device comprising an acceleration 
sensor for detecting a body movement of a living body, means for calculating an exercise amount based on a detection 
45 signal of the acceleration sensor, and a display section for displaying the calculated exercise amount, a remaining target 
calorie value or a target exercise amount is calculated and displayed. Therefore, a user can recognize the amount of 
exercise to perform further. 

According to another embodiment, a life activity index is calculated and displayed, for instance, so as to be classified 
as one of ranks that are associated with respective preset life activity intensities. Therefore, a user can recognize whether 
so his exercise is at an appropriate level. 

A difference or ratio between a target value and a measured value may be displayed. Further, an exercise time 
corresponding to the difference between the target value and the measured value may be displayed, which allows a 
user to recognize, more easily, the amount of exercise to perform further. 

According to a further embodiment, an exercise amount, and a difference between a targ t value and a measured 
55 value or the tendency of a temporal variation of a life activity index. Therefore, a user can easily recognize a variation 
of exercise levels. 

According to a second aspect of the invention, in an exercise amount measuring device comprising an. acceleration 
sensor for detecting a body movement of a living body, means for calculating an exercise amount based on a detection 
signal of the acceleration sensor, and a display section for displaying the calculated exercise amount, a total consumed 
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calorie (energy) value in a prescribed period (for instance, one day) is calculated and displayed. More specifically, the 
action of the living body is classified into a plurality of action types, and consumed calorie values of the respective action 
types are calculated. A total consumed calorie value is determined from the consumed calorie values thus calculated. 
Therefore, a user can recognize consumed calorie values of the respective action types. 

According to an embodiment, the action of the living body is classified into action types including sleeping, sitting, 
standing, walking and running. Since they are basic actions of human life except special ones such as swimming and 
jumping, a total consumed calorie value of one day can be calculated correctly. 

If a ratio among time lengths of the respective action types is displayed, or a pattern of occurrence of the action 
types is displayed in a time order at predetermined time intervals, a user can recognize his one-day life activities more 
precisely and can thereby improve his life attitude. 

According to a third aspect of the invention, in an exercise amount measuring device comprising an acceleration 
sensor for detecting a body movement of a living body, means for calculating an exercise amount based on a detection 
signal of the acceleration sensor, and a display section for displaying the calculated exercise amount, a consumed calorie 
value in a prescribed period (for instance, one day) is calculated and displayed. According to another embodiment, 
advice is determined based on a result of comparison between ingested calorie value and a consumed calorie value, 
and then displayed. Therefore, a user can recognize not only an exercise amount necessary to consume calories of 
ingested foods, but also a balance between the ingested calorie value and the consumed calorie value. 

In particular, when the ingested calorie value is larger than the consumed calorie value, a type and a time length of 
exercise corresponding to the calorie difference may be displayed. Conversely, when the consumed calorie value is 
larger than the ingested calorie value, a food and its amount corresponding to the calorie difference may be displayed. 
A user is allowed to recognize such information at a glance. 

According to another embodiment, a tendency of whether a user is gaining or losing weight is determined and 
displayed. Thus, he can recognize whether which of the ingested calorie value or the consumed calorie value is larger, 
and therefore can manage the balance between those calorie values. 

According to another embodiment, when an ingested calorie value is input, the ingested calorie value as input and 
an already-input ingested calorie value are displayed at the same time. Therefore, a user can easily recognize calories 
ingested so far (total ingested calorie value) and a ratio of the input ingested calorie value of this time to the total ingested 
calorie value; and is thereby allowed to manage the food ingestion easily. Further, ingested calory values can be input 
more easily by allowing the user to use a number that indicates a calorie value of a food, where names of foods and 
their calorie values are listed on a menu sheet together with numbers for the respective foods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the entire configuration of exercise amount measuring devices according to embod- 
35 iments of the present invention; 

Fig. 2 shows standard values of basal metabolism per body surface area of 1 m 2 in relation to the age and gender; 
Fig. 3 is a graphical representation of Fig. 2; 

Fig. 4 shows classification of the life activity index and the life activity intensity; 

Fig. 5 shows an example of a display form of the exercise amount measuri ng device according to the first embodiment 
40 of the invention; 

Figs. 6A and 6B show a modified version of the display form of Fig. 5; 

Fig. 7 and Figs. 8A and 8B show another example of a display form in the first embodiment; 

Figs. 9A and 9B show still another example of a display form in the first embodiment; 

Figs. 10 and 11 are a flowchart showing the overall operation of the exercise amount measuring device of the first 
45 embodiment; 

Fig. 1 2 is a general flowchart showing how to calculate a total consumed energy in the exercise amount measuring 
device according to the second embodiment of the invention; 

Fig. 13 is a flowchart showing a judgment algorithm for walking and running used in classifying action types; 
Figs. 14A and 14B show acceleration waveforms illustrating the judgment algorithm for walking and running; 
so Figs. 15A and 15B show acceleration waveforms illustrating a judgment algorithm for sitting and standing used in 
classifying action types; 

Figs. 16 and 17 show examples of display forms of the exercise amount measuring device according to the second 
embodiment of the invention; 

Figs. 18 and 19 are a flowchart showing the entire operation of the exercise amount measuring device according 
55 to the second embodiment; 

Figs. 20A and 20B show an example of a display form of the exercise amount measuring device according to the 
third embodiment of the invention; 

Figs. 21 A and 21 B illustrate how to input an ingested calorie value in the third embodiment; 
Figs. 22A and 22B show a modified version of the display form of Figs. 20A and 20B. 
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Figs. 23A-23C show another example of a display form in the third embodiment; 

Figs. 24A and 24B and Figs. 25A and 25B show still another example of a display form in the third embodiment; 
Figs. 26A and Fig. 26B show a still another example of a display form in the third embodiment; 
Fig. 27 and Figs. 28A and 28B show another example of a display form in the third embodiment; 
5 Figs. 29 and 30 are a flowchart showing the entire operation of the exercise amount measuring device according 

to the third embodiment; 

Figs. 31 and 32 show specific examples of an ingested calorie input process in the process flow of Figs. 29 and 30; 
and 

Fig. 33 shows an example of a display form employed in a conventional exercise amount measuring device. 

10 

QESGB1EI1QN QF THE PREFERR ED EMBODIMENTS 

Exercise amount measuring devices according to several embodiments of the present invention will be hereinafter 
described with reference the accompanying drawings. 

15 

Embodiment 1 

Fig. 1 is a block diagram showing the entire configuration of an exercise amount measuring device according to a 
first embodiment of the invention. This exercise amount measuring device is basically the same as the conventional one 

20 except the various calculating functions and the display form, and has the following components. An acceleration sensor 
1 , which is mounted on a human body, detects its body movement. An amplifier circuit 2 amplifies a detection signal of 
the acceleration sensor 1 . An A/D converter circuit 3 converts the amplified signal to a digital signal. A MPU 4 has a 
function of calculating an exercise amount based on the received digital signal, a function of calculating remaining target 
calories using estimated consumption calories of a prescribed period (for instance, one day), a function of calculating 

25 a target exercise amount that a human body is desired to perform in the prescribed period (one day), a function of 
calculating a life activity index, and other functions. A display (display section) 5 displays a gender, age, exercise amount, 
life activity intensity, etc. Switches 6 include a power on/off switch, a select switch for selecting the kind of display, and 
a switch for, inputting a gender, an age, etc. Further, the exercise amount measuring device has a power supply circuit 7. 
To allow the various calculating functions to calculate the exercise amount, life activity intensity, etc., the exercise 

30 amount measuring device needs information of a basal metabolism. Among various methods of determining the basal 
metabolism is a method according to Equation (1). 

B = B s xS (1) 

35 where 

B s : standard value of basal metabolism per body surface area of 1 rr* (kcal/rrvVhour) 
S: body surface area (m 2 ) = {weight (kg)} 0 444 x {height (cm)} 0 663 x 0.008883 . 
It is noted that Equation (1) applicable only to persons of age 6 or older. Further, B s depends on the gender and age, 
and can be determined from Table 11-1 of "The Nutrition Amount Necessary for Japanese (5th revised edition)." (Refer 
40 to Fig . 2 (table showing standard values of basal metabolism in relation to the gender and age) and Fig. 3 (graph showing 
a relationship between the age and the standard value of basal metabolism).) 

On the other hand, the life activity index is calculated in the following manner. The total energy metabolism per day 
(A) is expressed as 

45 A=B-x + B + 0.1-A (2) 

where B'x is the energy consumed by an exercise etc. {%: life activity index), B is the basal metabolism, and 0.1 'A is 
the amount of metabolism due to the specific dynamic action (i.e., the energy necessary for decomposing and absorbing 
food ingested. Modifying Equation (2), 

50 

X = 0.9(A/B)-1. (3) 

The actually measured exercise amount and the calculated basal metabolism may be used as the total energy metab- 
olism A and the basal metabolism B, respectively. 
55 By classifying the calculated life activity index % into, for instance, four ranks shown in Fig. 4 so that they are asso- 

ciated with respective life activity intensities, it becomes possible to inform a subject person of the level of exercise. In 
the classification of Fig. 4, life activity intensity I is lightest and life activity intensity IV is heaviest. Apparently the clas- 
sification may be made into the number of ranks other than four; that is, it may be made into three or five ranks. 
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The target exercise amount is calculated aiming at the above life activity index %. Modifying Equation (2), the target 
exercise amount A is expressed as 

A=(10/9)(1 + X )B. 

5 

Substituting % - 0.5 (% is set at 0.5 that is an appropriate value), 

A=1.67xB. (4) 

io Next, a description will be made of the display form on the display screen of the display 5. In an example of Fig. 

5, the display screen is divided into an upper portion 1 0 and a lower portion 11 . An exercise amount (i.e., total consumed 
calories (kcal)) is indicated in the upper portion as a numerical value, and life activity intensities of a past week and an 
average life activity intensity over the same week are indicated in the lower portion 1 1 as a bar graph. The life activity 
intensity is classified into three ranks: I (light), II (medium), and III (a little heavy), where the target level is set at rank II. 

15 With this display form, a life activity amount (total consumed calories) and an activity intensity are calculated and auto- 
matically displayed at the end of each day. Further, there can be displayed consumed calories and an activity intensity 
of each of the seven days of a past week and average consumed calories and an average activity intensity of the same 
seven days. To store consumed calories and activity intensities of a week, an automatic memory function may be 
employed, for instance. The display form of Fig. 5 allows a user to recognize, at a glance, the tendency of exercise taken 

20 in a past week. 

Figs. 6A and 6B show a modified version of the display form of Fig. 5. In this display form, as in the case of Fig. 5, 
the total consumed calories and the three-rank activity intensity are indicated. As a specific feature of this display form, 
total consumed calories are indicated in a right-hand portion 1 2 and an activity intensity is indicated in a left-hand portion 
13 with different pictures for the respective ranks of activity intensity. For example, the picture of Fig. 6A indicates a life 

25 activity amount of the preceding day, which is rank I (light). The picture of Fig. 6B indicates an average of total consumed 
calories of seven days, which is rank II (medium). Stored values of consumed calories and activity intensities of past 
seven days can be called for each day by operating the switches 6. 

Fig. 7 shows another display form. According to this display form, once a gender, age, height and weight are input, 
target consumption calories suitable for that person is automatically set and displayed and an attainment factor of the 

so target consumption calories is indicated by a bar graph and a picture. Referring to Fig. 7, target consumption calories 
and total consumed calories are indicated in an upper portion 14 of the display screen and a target attainment factor is 
indicated in a lower portion 15. For example, where the target consumption calorie value is 2,400 kcal as shown in Fig. 
7 and the actually consumed calorie value is also 2,400 kcal as shown in Fig. 8A, the attainment factor is 100% and a 
bar graph and a picture appear as shown in Fig. 8A. On the other hand, where the actually consumed calorie value is 

35 1 ,528 kcal as shown in Fig. 8B, the target attainment factor is about 65% and a bar graph and a picture appear accordingly. 

Figs. 9A and 9B show still another example of a display form. According to this display form, target consumption 
calories and total consumed calories are indicated in an upper portion 16 and an exercise time necessary to reach the 
target consumption calories is indicated in a lower portion 17. As in the above example, once a gender, age, height and 
weight are input, target calories suitable for that person are set and displayed. A display of Fig. 9A indicates that at time 

40 point when 1 ,928 kcal has been consumed, walking of 106 minutes, running of 35 minutes, or swimming of 59 minutes 
is further needed to attain the target consumption calories. At a time point when 2,028 kcal has been consumed as a 
result of performing one of the above types of exercise, it is indicated, as shown in Fig. 9B, that walking of 85 minutes, 
running of 25 minutes, or swimming of 43 minutes is further needed to attain the target consumption calories. A user 
can easily recognize what amount of exercise he should perform, because the exercise time necessary to reach the 

45 target consumption calories decreases as he consumes calories, as described above. Although the example of Figs. 
9A and 9B includes the three types of exercise, i.e., walking, running and swimming, the invention is not limited to such 
a case but more types of exercise may be indicated. For example, if necessary, bicycle riding, or play of a ball game 
such as tennis, soccer or baseball may be added. 

Next, an example of overall operation of the above exercise amount measuring device will be described with refer- 

50 ence a flowchart of Figs. 1 0 and 11. After the power of the device is turned on in Step (hereinafter abbreviated as "ST) 
1 , a gender, age, height and weight of a subject person is input (ST 2). As a result, a basal metabolism B is calculated, 
for instance, according to Equation (1) (ST 3). Then, a target exercise amount A N is calculated according to Equation 
(4) using the calculated basal metabolism B (ST 4), and displayed on the display 5 in the manner described above (ST 
5). In ST 6, it is judged whether a measurement start switch has been depressed. If the judgment result is negative, 

55 waiting is effected until the start switch is depressed. If the judgment result is affirmative, a measurement is started (ST 
7). It goes without saying that the device should be mounted on the subject person before the measurement. 

Upon the start of the measurement, an initial measurement is performed (ST 8) and data of a body movement of 
the subject person is acquired with the acceleration sensor 1 (ST 9). In ST 10, it is judged whether acquired data have 
been accumulated for 10 seconds. If the judgment result is negative, the data acquisition with the acceleration sensor 
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20 



25 



1 is continued. If the judgment result is affirmative, an exercise amount A is calculated according to Equation (2) (ST 
11) and displayed (ST 12). 

Subsequently, a difference (A N - A) between a target exercise amount A N and the measured exerc.se amount A is 
calculated and displayed (ST 1 3). and (A*, - A)/ ai is calculated and displayed (ST 14), where a, is a constant £5 taaW™ 

5 for walking. The calculation of (A N - A)la, is to determine a remaining t,me of walking that .s needed to reach the ta get 
exercise amount Am. In ST 15, it is judged whether the select switch has been depressed. If the judgment result .s 
affirmative. (A N - A)/a 2 is calculated and displayed (ST 16). where a 2 is a constant 5 kcal/min for running. A rema.nmg 
time of running needed is determined by this calculation. 

In ST 17 it is judged whether 24 hours (one day) have passed from the measurement start. If the judgment result 

w is negative, steps 9-17 are repeated. If the judgment result is affirmative, a life activity index x is calculated according 
to Equation (3) (ST 1 8), and classified as a particular rank based on the preset data for classifying the life activity mdex 
and the life activity intensity (ST 19). In ST 20. the 24-hour data is updated, and the total exercise amount (..e.. total 
consumed calories) and the life activity intensity (activity intensity), etc. of the 24 hours are displayed. Then, the process 
returns to the initial measurement step (ST 8) to start acquisition of next 24-hour data. It goes wrthout saying that the 

is 24-hour data is stored in the memory. 

Embodiment 2 

Referring to Fig. 1 . an exercise amount measuring device of this embodiment is different from that of the first embod- 
iment in the following points. That is. a MPU 4' has a function of calculating an exercise amount based on the received 
digital signal, a function of classifying an action of a living body by recognizing the pattern of an output waveform obtained 
by the acceleration sensor 1. calculating a consumed energy for each action type, and calculating a total consumed 
energy from the calculated consumed energies, and other functions. A display (display section ) 5 1 displays a gender. 

age, (total) consumed calories, etc. . . . 

Fig 12 is a general flowchart showing a process of calculating a total consumed energy (calor.es) in the above 
exercise amount measuring device. First, in Step (hereinafter abbreviated as "ST") 101. an acceleration waveformjs 
obtained with the acceleration sensor 1 that is mounted on a subject person. In ST 102. the pattern of the obtained 
acceleration waveform is recognized and an action is classified. In ST 103. a consumed energy of each classrf.ed action 
type is calculated a&drding to a pre'scribed equation (described later). In ST 1 04, the consumed energ.es thus calculated 
30 are summed up to determine a total consumed energy. 

The classification of respective actions in ST 102 will be described in detail for a case of using f.ve types of action, 
i.e.. sleeping, sitting, standing, walking and running. Fig. 13 shows a judgment algorithm for walking and running Refer- 
ring to Fig. .13. in ST 111, one-step section is.detected from the acceleration waveform (see F.g. 14A). In ST 112. an 
acceleration amplitude of the one-step section is measured as shown in Fig. 14B. where acceleration amplitudes are 

represented by VPi. VP 2 VP„. In ST 1 13. an average amplitude VP mean over 10 seconds from the measurement 

start is calculated according to the following equation. 

VP mean = (VP 1+ VP 2 + .... + VP n )/n 

In ST 1 14. the judgment for walking or running is made based on the value of VP mean . That is. the action is judged to 
be walking if VP mean s VP th , and running if VP mean > VP th . 

A judgment algorithm for sitting and standing will be described with reference to F.gs. 5A and 5B. F.g. ISA shows 
an acceleration waveform that is obtained when a subject person changes his action from s.tt.ng to standing. In th.s 
case, downward acceleration appears first and then upward acceleration appears in the acce erat.on waveforroFig. 
1 5B shows an acceleration waveform that is obtained when a subject person changed his action from standing to srttang. 
In this case, upward acceleration appears first and then downward acceleration appears in the accelerat.cn waveform. 
Therefore, discrimination between sitting and standing can be made by detecting the above drfferences .n wavefomv 
When there occurs no change in an acceleration waveform that is supplied from the accelerat.on sensor 1 for a prescribed 
period (for instance, one hour), the action is judged to be sleeping because a subject person is kept stall I or quiet. 

A basal metabolism is needed to calculate a consumed energy of each discriminated actaon type. One of var.ous 
methods for determining the basal metabolism is described in the first embodiment (Equation (1)). 

In addition to the basal metabolism, a RMR (relative metabolic rate) is needed which represents a ratio of the amount 
of metabolism with a certain exercise to the basal metabolism, and calculated as 



35 



40 



45 



50 



55 



RMR = {(total amount of metabolism with activity) - (amount of quiet-state metabolism)}/(basal metabolism). 
The following results are derived from this equation: 
Sitting state: RMR = 0.34 
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Standing state: RMR = 0.8 (male), 0.98 (female) 

Walking state: RMR = a 0 + a ., x height + a 2 x (walking pace) 

(For instance, RMR = 2.3.) 
Running state: RMR = a 0 + a 1 x weight + a 2 x (acceleration amplitude) 
5 (For instance, RMR = 3.8.) 

In the above equations, ao, a-i and a 2 are constants determined experimentally. In a sleeping state, RMR = 0.3, for 
instance. 

An energy metabolism (total consumed calories) in a prescribed period (one day) is calculated according to the 
io following equation: 

E day - £{(RMR j + 1.2) x'Ti}xB + 0.9xT 0 xB 

where 

is RMRj: energy metabolic rate of a certain exercise 

Tj: period of the certain exercise (hour) 
To: sleeping period (hour) 
B: basal metabolism (kcal/hour). 
Here, "a certain exercise" is one of action types including sitting, standing, walking and running. The sum of consumed 
20 energy of each action type is determined according to the above equation, and a total consumed energy is calculated 
based on those sums. 

Next, a description will be made of a display form of the display screen of the display 5'. In an example shown in 
Fig. 16, the display screen is divided into an upper portion 111 and a lower portion 1 12. Total consumed calories (kcal) 
are indicated in the upper portion 1 1 1 as a numerical value, and periods of the respective action types (sitting, standing, 
25 walking and running), i.e., time ratios of the respective life activity types are indicated by a bar graph in the lower portion 
1 12. In this example, the horizontal axis is marked in a time scale and periods are indicated so as to be accumulated 
for the respective action types. Further, marks 113 included in the bars for walking and running are, for instance, flashed 
to indicate that those exercises were performed alternately. Alternatively, life activity indices (or life activity intensities) 
may be displayed. 

30 The life activity index is calculated in the same manner as in the first embodiment according to the following equation 
(Equation (3)): 

X = 0.9(A/B)-1. 

35 Thus, the life activity index % can be determined based on the total energy metabolism A and the basal metabolism B. 
It is possible to inform a user of the level of an action by classifying the life activity index into four ranks so that they are 
associated with respective life activity intensities. 

In another display form shown in Fig. 1 7, total consumed calories (kcal) are indicated in an upper portion 114 and 
an activity pattern over time is indicated in a lower portion 115. The horizontal axis is marked in a time scale, and activity 

40 levels are indicated in two-hour sections over a predetermined period (0:00 to 24:00). The vertical axis is marked in a 
scale of calories, the number of steps, the exercise amount, or the like. It goes without saying that activity levels may be 
indicated in one-hour sections over 12 hours. The device may be adapted to switch between the above two modes of 
time representation with the select switch or some other switch. The 24-hour representation has an advantage that a 
user can recognize his activity pattern of one day at a glance, while he can recognize his activity pattern more precisely 

45 by the 12-hour representation. This display form allows a user to recognize a temporal variation of his activity levels at 
a glance. 

Next, with reference to a flowchart of Figs. 1 8 and 19a description will be made of an example of the entire operation 
of the above exercise amount measuring device. When the power of the device is turned on, a measurement is started 
and data relating to a body movement of a subject person are acquired with the acceleration sensor 1 (ST 121). It goes 
so without saying that prior to the measurement, the device has been mounted on the subject person and his gender, age, 
height and weight have been input. In ST 122, it is judged whether 10 seconds have passed from the measurement 
start. If the judgment result is negative, the data acquisition with the acceleration sensor 1 is continued to store data of 
10 seconds. 

If the judgment result in ST 122 is affirmative, it is then judged whether an exercise of 5 or more steps has been 
55 performed (ST 123). If the judgment result is affirmative, the process goes to ST 132 for calculating an acceleration 
amplitude (described later). That is, based on the fact that the action includes 5 or more steps, it is judged that the action 
should be walking or running. And the process goes to steps therefor. If the judgment result in ST 123 is negative, it is 
then judged in ST 124 whether a no-stepping state (still or quiet) has continued for a prescribed period. If the judgment 
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result in ST 1 24 is affirmative, it is judged that the subject person has not moved for the prescribed period and therefore 
this action is sleeping. The process goes to ST 140 for sleeping. 

If the judgment result in ST 124 is negative, it is then judged in ST 125 whether the action includes the feature of 
sitting in the manner described in connection with Figs. 1 5A and 1 5B. If the judgment result in ST 1 25 is affirmative, the 
5 action is judged to be sitting. Otherwise, the action is judged to be standing. The process goes to ST 126 or 127 for 

either case. _ . 

In the steps for sitting, RMR is set at 0.34 as described above (ST 126). In ST 1 27, a consumed energy of sitting 
in a prescribed period (10 seconds) is calculated according to the equation for calculating the energy metabolism (total 
consumed calories) E day After a number m for sitting is incremented by one (ST 128), the process goes to ST 143. 
70 In steps for standing, RMR is set at 0.98 (for female) or 0.8 (for male) in ST 1 29, a consumed energy A 2 of standing 
is calculated in the same manner (ST 130). After a number n 2 for standing is incremented by one (ST 131), the process 
goes to ST 143. 

In ST 1 32, an average acceleration amplitude VP mean is calculated in the above-described manner. In step ST 133, 
it is judged whether the calculated average amplitude VP mGan is larger than a prescribed value VP th . If the judgment 
15 result is negative (i.e., VP mean * VP th ). the action is judged to be walking. Otherwise, the action is judged to be running. 
In steps for walking, RMR is set at 2.3 (ST 134) and a consumed energy A 3 is calculated (ST 125). After a number 
n 3 for walking is incremented by one (ST 136). the process goes to ST 143. 

In steps for running, RMR is set at 3.8 (ST 137) and a consumed energy A4 is calculated (ST 138). After a number 
n 3 for running is incremented by one (ST 1 39), the process goes to ST 143. . 
20 On the other hand, in steps for sleeping, RMR is set at 0.3 (ST 140) and a consumed energy A 5 is calculated (ST 
140). After a number n 4 for sleeping is incremented by one (ST 142), the process goes to ST 143. 

In ST 143, a consumed energy a of this period (10 seconds) is calculated according to 
a = A + A 2 + A 3 + A 4 + A 5 . In ST 1 44, the value a is added to a subtotal consumed energy b. In ST 1 45, it is judged 
whether one hour has passed. If the judgment result is negative, the consumed energy a of 10 seconds is added to a 
25 total consumed energy A (ST 146). Thus, the process of this 10-second period is completed. 

If the judgment result in ST 145 is affirmative, a total number of actions of each action type is calculated according 
to N j = N j + n j (i = 1 to 5) in ST 147, and the results are displayed in ST 148. After the subtotal consumed energy b 
and the numbers n r n 5 are reset to 0 (ST 149), the consumed energy a of this 10-second period is added to the total 
consumed energy A' (ST 146); to complete "the process. As the above process is repeated for each 10 seconds, the 
30 various data are sequentially stored into the memory. 

Embodiment 3 

Referring to Fig. 1 , an exercise amount measuring device of this embodiment is different from that of the first embod- 
35 iment in the following points. That is, a MPU 4" has a function of calculating estimated consumption calories in a pre- 
determined period (for instance, one day), a function of comparing ingested calories and consumed calories in the 
predetermined period (one day) and determining advice based on the comparison result, a function of calculating a 
difference between ingested calories and consumed calories in the predetermined period (one day) and determining a 
tendency of whether a user is gaining or losing weight based on the calculated difference, and other functions. A display 
40 (display section ) 5" displays a gender, age, consumed calories (exercise amount), ingested calories (amount of ingested 
food), various kinds of advice etc. 

The exercise amount measuring device of this embodiment calculates consumed calories, ingested calories, a dif- 
ference therebetween, and other parameters by the various calculating functions. To this end, a basal metabolism is 
needed to calculate a consumed energy of each discriminated action type. One of various methods for determining the 
45 basal metabolism is described in the first embodiment (Equation (1)). 

On the other hand, a necessary exercise amount is expressed as a difference between ingested calories and con- 
sumed calories: 



so 



(necessary exercise amount) = (ingested calories) - (consumed calories). 
Further, an energy metabolism E act with a certain exercise is represented by 

E act = (RMR+1.2)xT act xB (5) 

55 where 

RMR: relative metabolic rate with the exercise 
T act : exercise time 
B: basal metabolism. 

With an assumption that the basal metabolism B is calculated in advance according to Equation (1) based on a gender, 
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age, height and weight, the necessary exercise time T act can be determined from Equation (6) (a modified version of 
Equation (5) if the type of exercise (i.e., RMR) is determined. 

T act = E act /{(RMR+1.2)xB} (6) 



The calculation may be performed with RMR set at 2.3 and 3.8 for walking and running, respectively. For example, in 
the case of a 35-year-old male of 60 kg in weight and 1 70 cm in height, the basal metabolism B is about 60 kcal/hour. 
If the ingested calorie value is 1,600 kcal and the consumed calorie value is 1,400 kcal, 

10 

(necessary exercise amount) = 1,600 - 1,400 
= 200 (kcal). 

75 According to Equation (6), an exercise time T act to consume 200 kcal (E act ) thus calculated by running is calculated as 
follows: 

T act =200/{(3.8+ 1.2) x 60} 

20 - 0.67 (hour) 

That is, 200 kcal can be consumed by running of about 40 minutes. 

Next, a description will be made of a display form of the display screen of the display 1 . First, in an example shown 
in Figs. 20A and 20B, the display screen is divided into an upper portion 210 and a lower portion 211. An exercise 

25 amount (total consumed calories; kcal) is indicated in the upper portion 21 0 as a numerical value. Total ingested calories 
(kcal) and an ingesti on/consumption balance (advice) that has been determined from a result of comparison between 
ingested calories and consumed calories are indicated in the lower portion 21 1 , the latter being indicated as a picture. 
While the consumed calories are automatically calculated, the ingested calories are input by means of an ingested 
calorie input means. Input values of ingested calories are accumulated and stored into the memory to constitute the 

30 total calories ingested so far (al ready-input ingested calories). 

Figs. 21 A and 21 B illustrate an example of the ingested calorie input means. Fig. 21 A shows a menu sheet 230 on 
which names of foods and their calories are listed. As shown in Fig. 21 B, an up-key 231 and a down-key 232 may be 
provided at positions spaced sideways from the display screen of the display 5", and a number indicating calories of an 
ingested food may be selected from the menu sheet 230 and input through the keys 231 and 232. For example, in the 

35 case of a food that is not listed on the menu sheet 230, a value of ingested calories may be input directly through the keys. 
In a case shown in Fig. 20 A, the ingested calorie value is 2,326 kcal and the consumed calorie value is 1 ,928 kcal. 
Since the ingested calories are larger than the consumed calories, the ingesti on/consumption balance indicates a ten- 
dency to gaining weight. Fig. 20B shows a case where ingested calories have been input by using a number (39) on the 
menu sheet 230. By indicating the ingestion/consumption balance in the above manner, a user can recognize, at a 

40 glance, a tendency of whether he is gaining or losing weight. 

Figs. 22A and 22B show a modified version of the display form of Figs. 20A and 20B. In this display form, as in that 
of Figs. 20A and 20B, total consumed calories are indicated in an upper portion 212 and an ingestion/consumption 
balance is indicated in a lower portion 213. As specific features of this display form, the ingestion/consumption balance 
is indicated by a bar graph, and an ingestion/consumption balance of the present day and each of the past 6 days and 

45 an average ingestion/consumption balance of the 7 days (one week) are indicated. To store data of ingestion/consump- 
tion balances of 7 days, there may be provided, for instance, an automatic memory function. This display form has an 
advantage that a user can recognize, at a glance, the ingestion/consumption balances of 7 days and their averag 
balance, and therefore can well understand a tendency of the balances. 

Figs. 23A-23C show another display form. Also in this display form, total consumed calories are indicated in an 

so upper portion 214 and total ingested calories and an ingestion/consumption balance is indicated in a lower portion 215. 
In this example, a picture of the ingestion/consumption balance includes marks of a dumbbell and a slice of bread. A 
seesaw bar inclines to the bread side when the ingested calories are larger, and to the dumbbell side when the consumed 
calories are larger. Based on the difference between the ingested calories and the consumed calories, Figs. 23B and 
23C indicate that the former is larger than the latter. Further, Fig. 23B indicates that the ingested calories were input by 

55 use of a number on the list, and Fig. 23C indicates that the ingested calories were input as a numerical value. 

Figs. 24A and 24B show another display form. In this display form, an ingestion/consumption balance is indicated 
as concentric circles around each of a shoe and a slice of bread (see Fig. 24A). In a case of Fig. 24B, more circles are 
drawn around the bread because the ingested calories are larger. Fig. 25A indicates that ingested calories were input 
by use of a number on the list, and Fig. 25B indicates that ingested calories were input as a numerical value. 
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20 



25 



In a display form shown in Figs. 26A and 26B, a difference (kcal) between ingested calories and consumed calories 
is displayed. In a case of Fig. 26A, the calorie difference is marked up to 400 kcal. In a case of Fig. 26B, the calorie 
difference is marked up to 800 kcal. An indication that is on the side of a slice of bread means that the ingested calories 
are larger than the consumed calories. 

5 In a display form shown in Fig. 27, when ingested calories are larger than consumed calories, a type and a length 

of exercise that is necessary to consume excessive calories are displayed. Figs. 28A and 28B show that ingested calories 
are 1 865 kcal and consumed calories are 1,645 kcal. Further, Fig. 28A indicates that walking of 63 minutes is needed 
to consume a difference 200 kcal. Similarly, Fig. 28B indicates that running of 38 minutes is needed. It goes without 
saying that switching between the display pictures of Figs. 28A and 28 can be made by the select switch. 

io Next with reference to a flowchart of Figs. 29 and 30, a description will be made of an example of the entire operation 
of the above exercise amount measuring device. First, the power of the device is turned on in Step (hereinafter abbre- 
viated as "ST") 201. and a gender, age, height and weight of a subject person are input in ST 202. In ST 203, a basal 
metabolism B is calculated, for instance, according to Equation (1). In ST 204, it is judged that the measurement start 
switch has been depressed. If the judgment result is negative, waiting is effected until the switch is depressed. Otherwise, 

75 the measurement is started. It goes without saying that the device has been mounted on the subject person before the 
measurement. 

Upon the start of the measurement, an initial measurement is performed (ST 206). and data relating to a body 
movement of the subject person are acquired with the acceleration sensor 1 (ST 207). In ST 208, it is judged that acquired 
data have been accumulated for 10 seconds. If the judgment result is negative, it is then judged whether the keys for 
inputting ingested calories has been depressed (ST 209). If the judgment result in ST 209 is affirmative, ingested calories 
A, are input (ST 2 1 0) and the process returns to ST 207. If the judgment result in ST 209 is negative, the process returns 
to ST 207 skipping ST 210, to continue the data acquisition with the acceleration sensor 1 . If the judgment result in ST 
208 is affirmative, an exercise amount A (energy metabolism E act ) is calculated according to Equation (5) in ST 21 1 and 
displayed in ST 2 12. . • 

After a difference (Af - A) between the ingested calories A f and the exercise amount (consumed calories) A is cal- 
culated and displayed (ST 213), it is judged whether the ingested calories A, are larger than the consumed calories A 
(ST 214). If the judgment result is negative (i.e., A, s A), (A - A,)/y is calculated and displayed (ST 215). The calculation 
of (A, - A)/y is to determine a food and its amount to be taken to get the calories now needed. Therefore, different values 
of the constant y are set for respective foocls. For example, y is 160 kcal for a bowl of rice, 350 kcal for a bowl of udon 
30 (noodles), and 1 20 kcal for a slice of toast, upon completion of ST 21 5, the process goes to ST 21 9. 

If the judgment result in ST 214 is affirmative, .(A, -A)/^ is calculated and displayed (ST216), where a, = 3.5 kcal/min 
is a constant for walking. The calculation of (A, -A)/on is to determine how long walking should be performed to consume 
the excessive calories. In ST 217, it is judged whether the select switch has been depressed. If the judgment result is 
affirmative, (A, - A)/a 2 is calculated and displayed (ST 218), where a 2 = 5 kcal/min is a constant for running. This cal- 
35 culation is to determine how long running should be performed to consume the excessive calories. In calculating (A f - 
A)/ ai and (A f - A)/a 2 , (A f - A - A') may be used in place of (A f - A). The parameter A' is a quiet-state metabolism from 
the present time to time 0:00 and is calculated such that A' = 1 .2 x B . By using (A f - A - A"), the difference between the 
ingested calories and the consumed calories can be calculated more precisely. If the judgment result in ST 217 is neg- 
ative, or if ST 218 has been executed, the process goes to ST 219. 
40 In ST 219, it is judged whether 24 hours (one day) have passed from the measurement start. If the judgment result 

is negative, Steps 207-219 are repeated. If the judgment result is affirmative, the 24-hour data are updated and the 
consumed calories of the 24 hours and the corresponding comparison result between the ingested calories and the 
consumed calories are displayed in the above-described manner (ST 220). Then, the process returns to ST 206 to start 
data acquisition of the next 24 hours. It goes without saying that the 24-hour data are stored into the memory. 
45 Fig. 31 shows a specific example of the ingested calorie input step (ST 21 0) of the process flow of Figs. 29 and 30. 

This example is a case of inputting ingested calories directly. In this example, the ingested calorie input means consists 
of three keys, i.e., a "100" key, a "10" key, and a "1" key. Upon depression of those input keys, the already-input ingested 
calorie value (total ingested calorie value), which is the accumulated value of ingested calories input so far and is stored 
in the memory, is displayed (ST 301). At the same time, an input ingested calorie value to be used for inputting of this 
so time is initialized to 0 (ST 302) and an input ingested calorie value "0" is displayed (ST 303). 

In ST 304, it is judged whether the "100" key has been depressed. Upon every depression of the "100" key, a value 
obtained by adding 100 to the current input ingested calorie value is displayed as a new input ingested calorie value 
(Steps 305 and 303). Similarly, it is judged in ST 306 whether the "10" key has been depressed. Upon every depression 
of the "10" key, a value obtained by adding 10 to the current input ingested calorie value is displayed as a new input 
55 ingested calorie value (Steps 307 and 303). It is judged in ST 308 whether the "V key has been depressed. Upon every 
depression of the "1 " key, a value obtained by adding 1 to the current input ingested calorie value is displayed as a new 
input ingested calorie value (Steps 309 and 303). Then, in ST 310, it is judged whether the set key has been depressed. 
If the judgment result is affirmative, the input ingested calorie value just input above is added to the current already- 
input ingested calorie value; that is, the already-input ingested calorie value is updated (ST 311). Then, the process 
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returns to ST 301 , where the updated already-input ingested calorie value is displayed (see Fig. 23C and Fig. 25B). On 
the other hand, it the set key is not depressed (ST 31 0) and the display switching key is depressed (ST 31 2), the ingested 
calorie input process is finished. If the display switching key is not depressed (ST 312), the above loop of steps is 
repeated. 

Fig. 32 shows another specific example of the ingested calorie input process. This example is a case where the 
above-described menu sheet 230 is used for the input of ingested calories and a number listed on the menu sheet 230 
is input through the up-key and the down-key. First, as in the above example, an already-input ingested calorie value is 
displayed (ST 321). At the same time, a calorie number is initialized to 1 (ST 322), and a calorie number "1 " is displayed 
(ST 323). In ST 324, it is judged whether the up-key has been depressed (ST 324). Upon every depression of the up- 
key, a number obtained by adding 1 to the current calorie number is displayed as a new calorie number (Steps 325 and 
323). In ST 326, it is judged whether the down-key has been depressed. Upon every depression of the down-key, a 
number obtained by subtracting 1 from the current calorie number is displayed as a new calorie number (Steps 328 and 
323). If it is judged that the calorie number is equal to 1 in ST 327, the process goes to ST 323 skipping ST 328. 

" In ST 329, it is judged whether the set key has been depressed. If the judgment result is affirmative, a calorie value 
corresponding to the depressed calorie number (the former is stored in advance in the memory in association with the 
latter) is made an input ingested calorie value (ST 330). The input ingested calorie value thus set is added to the current 
already-input calorie value; that is, the already-input calorie value is updated (ST 331). Then, the process returns to ST 
321 , where the updated already-input ingested calorie number is displayed (see Figs. 23A and 23B and Fig. 25A). This 
process is finished if the display switching key is depressed (ST 332). Otherwise, the above loop of steps is repeated. 

Only one of the ingested calorie input processes of Figs. 31 and 32 may be employed. Alternatively, both may be 
employed such that one of the two processes can be selected in accordance with a user's request. 

Claims 

25 1 . An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
section for displaying the calculated exercise amount, said device further comprising: 

means for calculating a remaining target calorie value based on an estimated consumption calorie value in 
a prescribed period; and 

30 means for causing the display section to display the calculated remaining target calorie value. 

2. 5 An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
section for displaying the calculated exercise amount, said device further comprising: 

35 means for calculating a target exercise amount that the living body is desired to perform in a prescribed 

period; and 

means for causing the display section to display the calculated target exercise amount. 

3. An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
40 body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 

section for displaying the calculated exercise amount, said device further comprising: 

means for calculating a life activity index based on a measured exercise amount; and 
means for causing the display means to display the calculated life activity index. 

45 4. The exercise amount measuring device according to claim 3. wherein the life activity index is displayed in the form 
of one of ranks that have been preset by classifying the life activity index so that the ranks correspond to respective 
life activity intensities. 

5. The exercise amount measuring device according to claim 1 or 2, further comprising means for causing the display 
so means to display a difference between a target value and a measured value. 

6. The exercise amount measuring device according to claim 4, wherein the difference is displayed in the form of an 
exercise time corresponding to the difference. 

55 7. The exercise amount measuring device according to claim 1 or 2, further comprising means for causing the display 
means to display a ratio between a measured value and a target value. 

8. An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
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section for displaying the calculated exercise amount, said device further comprising: 

means for calculating a remaining target calorie value based on an estimated consumption calorie value in 
a prescribed period; 

means for calculating a target exercise amount that the living body is desired to perform in the prescribed 

period; 

means for calculating a life activity index based on a measured exercise amount; and 
means for causing the display section to display an exercise amount, a difference between a target value 
and a measured value, or a tendency of a temporal variation of the life activity index. 

9. An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
section for displaying the calculated exercise amount, said device further comprising: 

means for classifying an action of the living body as one of a plurality of action types, calculating consumed 
energies of the respective action types, and calculating a total consumed energy from the calculated consumed 
energies; and 

means for causing the display section to display the calculated total consumed energy. 

10. The exercise amount measuring device according to claim 9, wherein the action of the living body is classified by 
discriminating a pattern of an output waveform of the acceleration sensor. 

11. The exercise amount measuring device according to claim 9, wherein the action types includes sleeping, sitting, 
standing, walking and running. 

12. The exercise amount measuring device according to claim 9, further comprising means for causing the display 
section to display a ratio among time lengths of the respective action types. 

13. The exercise amount measuring device according to claim 9, further comprising means for causing the display 
section to display a pattern of occurrence of the action types in a time order at predetermined time intervals. 

14. The exercise amount measuring device according to claim 10, wherein an average of amplitudes of acceleration of 
one-step sections of the acceleration waveform is calculated, and the action is judged to be walking if the average 
is smaller than or equal to a prescribed amplitude, and to be running if the average is larger than the prescribed 
amplitude, wherein the action is judged to be standing if downward acceleration appears first and upward acceler- 
ation appears next in the acceleration waveform, and to be sitting if upward acceleration appears first and downward 
acceleration appears next in the acceleration waveform, and wherein the action is judged to be sleeping H there 
occurs no variation in the acceleration waveform in a prescribed period. 

15. The exercise amount measuring device according to claim 9, wherein the consumed energy of each action is cal- 
culated according to the following formula: 

{(relative metabolic rate of the action) + 1 .2} x (time length of the action) x (basal metabolism). 

1 6. An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
section for displaying the calculated exercise amount, said device further comprising: 

means for calculating an estimated consumption calorie value in a prescribed period; and 

means for casing the display section to display the calculated estimated consumption calorie value. 

17. An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
section for displaying the calculated exercise amount, said device further comprising: 

means for comparing an ingested calorie value and a consumed calorie value in a prescribed period, and 
for determining advice based on a comparison result; and 

means for causing the display section to display the determined advice. 

18. The exercise amount measuring device according to claim 16, wherein a type and a time length of exercise corre- 
sponding to a difference between the ingested calorie value and the consumed calorie value is displayed as the 
advice when the ingested calorie value is larger than the consumed calorie value. 
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19. The exercise amount measuring device according to claim 1 6, wherein a food and an amount thereof corresponding 
to a difference between the ingested calorie value and the consumed calorie value is displayed as the advice when 
the ingested calorie value is smaller than the consumed calorie value. 

5 20. An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
section for displaying the calculated exercise amount, said device further comprising: 

means for calculating a difference between an ingested calorie value and a consumed calorie value in a 
prescribed period, and for determining a tendency of whether the living body is gaining or losing weight; and 

io means for causing the display section to display the determined tendency. 

21. The exercise amount measuring device according to any one of claims 16, 17 and 20, wherein the display section 
displays information graphically. 

15 22. An exercise amount measuring device comprising an acceleration sensor for detecting a body movement of a living 
body, means for calculating an exercise amount based on a detection signal of the acceleration sensor, and a display 
section for displaying the calculated exercise amount, said device further comprising: 
means for inputting an ingested calorie value; and 

means for causing the display section to display, at the same time, the ingested calorie value as input and 
20 an already-input ingested calorie value that has been accumulated so far and is stored. 

23. The exercise amount measuring device according to claim 22, further comprising means for adding or subtracting 
the input ingested calorie value to or from a current already-input ingested calorie value, to obtain an updated 
already-input ingested calorie value to be displayed. 

25 

24. The exercise amount measuring device according to claim 22, wherein the ingested calorie inputting means com- 
prises a menu sheet on which names of foods and calorie values thereof are listed together with calorie numbers 
representing the calorie values of the respective foods, and allows input of the ingested calorie value by designating 
one of the numbers. 

30 

25. The exercise amount measuring device according to claim 24, wherein the ingested calorie inputting means further 
comprises an up-key and a down-key for increasing and decreasing the calorie number, respectively. 
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FIG. 3 
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FIG 6 A 
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FIG. 8 A 
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